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CASE REPORT
A 39-year-old female patient was admitted to the Department of Otolaryngology at Gyeongsang National University Hospital due to insidious onset, hoarse voice, and unilateral wasting of tongue muscles. She complained of swallowing difficulty and discomfort in the right neck and shoulder girdle muscles. She had no history of tumor, trauma, neck mass, or meningitis. On physical examination, there was decreased gag reflex and pharyngeal sensation on the right side. Right-side tongue deviation and unilateral paralysis of the soft palate and uvula were observed. Magnetic resonance image (MRI) revealed a well-demarcated ovoid heterogeneous mass lesion in the right parapharyngeal space below the jugular foramen, measuring 2.2 cm (Fig. 1) . The tumor was surgically removed. It was confirmed as hypoglossal nerve schwannoma based on pathologic examination. Post-operative complications such as edema or hematoma were not reported from enhanced CT conducted post-operatively. Four months after surgery, she was referred to the Department of Rehabilitation Medicine due to persistent swallowing difficulty and right shoulder weakness. At the time of cranial nerve examination, right-side gag reflex was reduced and right-side pharyngeal sensation decreased. Her voice was hoarse in pronunciation. Rightside deviation and atrophy of the tongue were observed (Fig. 2) . Manual muscle tests revealed decreased muscle strength of Medical Research Council (MRC) grade 4 in right shoulder abduction and flexion. Laryngoscopy was www.e-arm.org conducted to determine cause of hoarseness and swallowing disorder. Laryngoscopy results revealed unilateral paralysis on the right side of the soft palate and right vocal cord palsy, indicating CN 9th to 10th paralysis (Fig. 3) . Videofluoroscopic swallowing study (VFSS) revealed no abnormal findings in the oral phase. However, there was decreased descent of food because of inadequate pharyngeal elevation and wall movement. Aspiration of liquid food in neutral and flexed positions and laryngeal penetration of yogurt in the neutral position were observed. Nasal regurgitation was observed in the yogurt test. VFSS revealed decreased upper esophageal sphincter opening at the beginning of the esophageal phase and severe bolus retention in the vallecula and piriform sinus (Fig. 4A,  4B ). Motor nerve conduction study (NCS) revealed low amplitude of the right accessory nerve compared to that on the normal side. Needle electromyography (EMG) of right upper trapezius muscle and right sternocleidomastoid muscle revealed abnormal spontaneous activities (Table 1 ). Patient's clinical findings were compatible with Collet-Sicard syndrome secondary to primary tumor on the hypoglossal nerve (CN 12th).
Patient underwent swallowing rehabilitation treatment, such as oral and pharyngolaryngeal muscle strengthening exercises, swallowing reflex therapy, and functional electrical stimulation therapy at an outpatient clinic. Follow-up VFSS at 3 months revealed laryngeal penetration and mild bolus retention in the vallecula and piriform sinus without nasal regurgitation or tracheal aspiration (Fig. 4C) . Pharyngeal elevation and wall muscle movement improved. Adequate relaxation of the upper esophageal sphincter was observed. Follow-up motor NCS revealed increased amplitude of the right accessory nerve compared to the previous test. However, it did not recover to normal value. Follow-up needle EMG revealed no abnormal spontaneous activity in the right sternoclei- www.e-arm.org domastoid muscle with reduced abnormal spontaneous activity in the right upper trapezius muscle. Polyphasic motor unit action potentials were observed in sternocleidomastoid and upper trapezius muscles (Table 1) . Manual muscle tests revealed improved muscular strength of MRC grade 4+ in right shoulder abduction and flexion compared to previous tests. However, follow-up laryngoscopy revealed persistent right-side tongue deviation and vocal cord palsy.
DISCUSSION
Collet-Sicard syndrome involves paralysis of CNs 9th to 12th. It is characterized by loss of taste over the posterior third of the tongue (CN 9th), vocal cord paralysis and dysphasia (CN 10th), weakness of trapezius and sternocleidomastoid muscles (CN 11th), and atrophy and paresis of the tongue (CN 12th) [2, 6] .
Schwannomas are benign tumors. They usually develop from the sensory component of cranial nerves, most commonly from CNs 8th and 10th. Hypoglossal nerve schwannoma is rare, since this nerve is purely motor [7] . CNs 9th to 11th pass through the jugular foramen, while the hypoglossal nerve (CN 12th) passes through the hypoglossal canal from the skull. As CNs 9th to 12th are near, they are often impaired at the same time. Injury to skull base and lesions involving the jugular foramen can lead to combined nerve paralysis.
Verma et al. [8] reported accompanying Collet-Sicard syndrome in a patient with jugular foramen schwannoma. Jugular foramen schwannoma arising from CNs 9th to 11th may often present as Vernet syndrome involving paralysis of CNs 9th to 11th. If paralysis of the hypoglossal nerve (CN 12th) is observed, it is diagnosed as ColletSicard syndrome. However, in this case report, hypoglossal nerve schwannoma occurring from CN 12th caused Collet-Sicard syndrome that involves paralysis of CNs 9th to 12th.
Garcia-Escriva et al. [9] reported a case of Collet-Sicard syndrome with schwannoma of the hypoglossal nerve. However, their diagnosis of Collet-Sicard syndrome was based on only neurological examination. Diagnosis of lower cranial nerve palsy is limited by neurological examination alone. In this case report, paralysis of glossopharyngeal and vagus nerves was confirmed by neurological examination (decreased gag reflex), clinical dysphagia symptom, laryngoscopy (vocal cord palsy), and abnormal VFSS findings. Paralysis of the spinal accessory nerve was observed in physical findings (atrophy of the trapezius muscle). It was confirmed by abnormal electrodiagnostic findings (abnormal spontaneous activity of the right upper trapezius and sternocleidomastoid muscles). Paralysis of the hypoglossal nerve was observed on neurological examination (deviation of the tongue). Our diagnosis of Collet-Sicard syndrome with hypoglossal nerve schwannoma was based on clinical findings, neurologic examination, MRI findings, VFSS, and electrodiagnostic study.
In Korea, it has been reported that Collet-Sicard syndrome can be caused by Jefferson fracture, meningioma, or jugular vein thrombosis [3] [4] [5] . Lee et al. [4] reported a case of Collet-Sicard syndrome due to cerebellopontine angle meningioma, of intracranial origin. But in this case report, hypoglossal nerve schwannoma was in the parapharyngeal space, and was of extracranial origin. According to Hoshi et al. [10] , extracranial hypoglossal schwannomas are extremely rare. We report the first case of Collet-Sicard syndrome with hypoglossal nerve schwannoma in Korea, due to an uncommon cause. www.e-arm.org
After rehabilitation treatment, patient's swallowing difficulty and right shoulder weakness improved. Therefore, careful neurological examination should be conducted to determine symptoms or signs of cranial nerve palsy after diagnosis of lower cranial nerve tumor. In addition, it is crucial to conduct electrodiagnostic study and VFSS for establishing diagnosis of lower cranial nerve palsy and provide rapid rehabilitation treatment for neurological improvement.
